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Executive Summary 

The Environmental Management End State Vision is to be used as the primary tool for 

communicating the individual site end state to the involved parties (e.g., U.S. Department of 

Energy [DOE], regulators, public stakeholders, Tribal Nations). The end state document is not a 

decisional document. If the DOE decides to seek changes to the current compliance agreements, 

decisions, or statutoqdregulatory requirements, those changes will be made in accordance with 

applicable requirements (DOEIEM, 2003). 

Restoration activities have been conducted on the surface of the Gasbuggy Site; however, an 

investigation of subsurface contamination has not yet been completed. Therefore, the surface 

and subsurface end states are treated separately within this document. 

The Gasbuggy Site is located inside the Carson National Forest, in Rio Arriba County in 

northwestern New Mexico. The city of Farmington is approximately 55 miles west of the site 

and is the closest township with a population greater than 40,000. The Gasbuggy Site was the 

location of a single subsurface nuclear test conducted in December 1967, by the U.S. Atomic 

Energy Commission. The site surface is currently managed by the U.S. Department of 

Agriculture, Forest Service (DOEEM, 2001). The DOE Nevada Site Office (DOEMSO) plans 

to complete environmental restoration activities for surface areas at the Gasbuggy Site, and to 

continue long-term stewardship activities of subsurface contamination. 

Corrective action investigations conducted from 2000 to 2002 indicated that there are currently 

two areas of surface contamination at the site. Results from soil samples collected during these 

investigations indicated that arsenic, semivolatile organic compounds, and/or total petroleum 

hydrocarbons were present above screening levels in one or more samples. 

The DOE expects to complete surface remediation activities at the site in fiscal year 2004. Upon 

completion of closure activities for the surface, all New Mexico Environment Department 

comments on the closure report will have been addressed, and all Voluntary Remediation 

Program required documentation filed. At that time, the DOE will request a certificate of 

completion for the surface area at the Gasbuggy Site, and the site surface will he in the end state 

(NNSA/NSO, 2003). 

Based on the historic use of the Gasbuggy Site and characterization conducted at similar sites, 

contaminants of concern for the subsurface are expected to include radioactive fission products, 
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plutonium, uranium, and tritium; however, monitoring and modeling have not yet defined the 

extent of subsurface hazards. 

The subsurface contamination will be addressed by implementing an end state approach based on 

defining a contaminant boundary at the Gasbuggy Site and monitoring subsurface resource 

development to ensure that gaseous radionuclides do not migrate past the existing restriction 

boundary. Migration to the existing restriction boundary, both under non-stressed and stressed 

(production) conditions, is being evaluated. If migration is found to be significant (which may 

be determined by a risk assessment), then the restriction zone will be enlarged. Drilling and 

subsurface resource extraction within the contaminant boundary will be prohibited, and resource 

(natural gas) production may also be limited for some region outside the boundary. This 

approach will be protective because, though it is not technologically feasible to remediate the 

contamination associated with an underground nuclear test, the use (withdrawal) of and exposure 

to contaminated natural gas will be precluded by implementation of institutional controls 

restricting the drilling of wells within the boundary. Resource development patterns in the area 

will be monitored to assess whether the boundary remains protective if resource extraction 

characteristics change through time, and samples of natural gas from nearby wells may be 

monitored for radionuclides. If radionuclides are ever found in nearby production wells, the 

radionuclide transport model will be re-evaluated to determine if the drilling restriction area and 

associated institutional controls need to be changed. 

According to the Life-Cycle Baseline Revision 5, the W E N S O  expects to complete closure of 

the Gasbuggy Site subsurface in fiscal year 2014. The DOENSO assumes that monitoring will 

be performed for 100 years (2014 to 21 14), and will refine existing subsurface intrusion 

restrictions as necessary, based on the outcome of the investigation and modeling efforts 

(DOEEM, 2001). The end state for the subsurface of the Gasbuggy Site will be to continue 

monitoring and maintenance of institutional controls indefinitely. 

The DOENSO developed a public participation plan for the Gasbuggy Site Environmental 

Management End State Vision. The plan provided a drafi copy of this document, an information 

sheet, and a letter soliciting feedback by July 1,2004, to involved parties and stakeholders. All 

written comments that were submitted to the DOE/NSO received comment resolution. 
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1.0 Introduction 

The Environmental Management End State Vision is to be used as the primary tool for 

communicating the individual site end state to the involved parties (e.g., U.S. Department of 

Energy [DOE], regulators, public stakeholders, Tribal Nations). The end state document is not a 

decisional document. If the DOE decides to seek changes to the current compliance agreements, 

decisions, or statutotyhegulatory requirements, those changes will be made in accordance with 

applicable requirements (DOEEM, 2003). 

The Environmental Management End State Vision juxtaposes land use with remediation 

requirements, establishing a conceptual completion goal (or end state) that is both realistic and 

protective of human health and the environment. The purpose of the vision is to identify where 

and how potentially harmful exposures to hazardous or radioactive contaminants might occur 

under projected future conditions, and to determine what actions will be necessary to minimize 

the potential for harm under those conditions. Consistent with the objectives of cleanup, the 

vision conceptualizes specific end state conditions that will minimize the potential for harm in 

the future. 

The July 2003 DOE Policy 455.1, "Use of Risk-Based End States," requires DOE Environmental 

Management Program (EM) sites to define and document a risk-based end state vision that is 

acceptable to regulators and stakeholders, and then to revise clean-up program plans as necessary 

to achieve that end state in the most efficient manner (DOE, 2003). The policy is a formal 

mandate for EM sites to implement risk-based corrective action programs as described in 

numerous DOE and U.S. Environmental Protection Agency (EPA) publications, American 

Society of Testing and Materials Standard Guides, and National Research Council 

recommendations. 

Environmental corrective action is an application of standard scientific, engineering, and 

mathematical principles, enabling steady progress in solving even very complex clean-up 

problems. The complexities of cleanup at a typical EM site are generally similar: multiple 

contaminants distributed in multiple environmental media, released over long periods of time 

and over large areas of land. Uncertainties in source(s), nature, extent, transport, and fate of 

contaminants are very large and can never be absolutely eliminated. Corrective action provides 

an objective means of managing uncertainties to the degree necessary and suficient to make 

defensible decisions about effective clean-up actions. 
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The end state vision describes clean-up goals that would be protective under planned future uses. 

Proposed corrective actions based on risk and other factors associated with land use are 

presented, negotiated, and agreed to by the State of New Mexico and the DOE. 

The DOE'S risk-based end state initiative is fully consistent with the EPA's recent endorsement 

of systematic planning, which uses risk-based decision methods to ensure objectivity, 

defensibility, and cost-effectiveness in corrective action programs @PA, 2001). The DOE 

Nevada Site Office (DOENSO) will collaborate with its stakeholders to revise the proposed 

environmental management end state vision, as needed, to define clear goals for completion of 

its EM-sponsored clean-up work. 

The DOENSO developed a public participation plan for the Gasbuggy Site End State Vision. 

The plan provided a draft copy of this document, an information sheet, and a letter soliciting 

feedback by July 1,2004, to involved parties and stakeholders. All written comments that were 

submitted to the WE/NSO received comment resolution. 

Restoration activities have been conducted on the surface of the Gasbuggy Site; however, an 

investigation of subsurface contamination has not yet been completed. Therefore, the surface 

and subsurface end states are treated separately within this document. 

The Gasbuggy Site covers approximately 640 acres in the Carson National Forest, and lies 

approximately 55 miles east of Farmington, New Mexico, in RIO Arriba County. The site was 

the location of a single subsurface nuclear test conducted in December 1967 by the U.S. Atomic 

Energy Commission (AEC) (predecessor agency to the DOE). The Gasbuggy Site is currently 

managed by the U.S. Department of Agriculture, Forest Service (USDA/FS) (DOEEM, 2001). 

Previous surface investigations at the Gasbuggy Site included pre-test subsurface geologic and 

hydrogeologic studies, evaluations of test effectiveness, radiological monitoring, natural gas 

sampling, site restoration activities, toxicity characterization, a Comprehensive Environmental 

Response, Compensation, and Liability Act assessment, a cultural resources survey, a 

floodplains and wetlands survey, a sensitive species survey, and site investigations for corrective 

actions (NNSA/NV, 2002). 

A surface corrective action investigation of the Gasbuggy Site was completed in 2002. Based on 

the results from this investigation, the recommended corrective action is to remove surface 

contamination from two locations at the site by excavation and off-site disposal of waste. 
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Following excavation activities, the site will be clean closed. The DOE intends to close the site 

surface under the New Mexico Voluntary Remediation Program (W). This is scheduled to be 

completed in fiscal year (FY) 2004 (DOEEM, 2001). 

The Site Characterization Work Planfor Gasbuggy, New Mexico (NNSAW, 2002) describes 

the subsurface investigation, with additional technical details available in Modeling Approach for 

Evaluating Radionuclide Transport in Nuclear-Stimulated Gas Reservoirs (Cooper and 

Chapman, 2001). Upon construction of a dual-phase (liquid and gas) numerical flow and 

transport model, production stress will be applied to the modeled system to simulate gas 

development immediately beyond the current drilling restriction. The results will be analyzed, 

including a risk assessment if indicated, to determine if the current restrictions are sufficiently 

protective. 

From 1972 to 2002, EPNG Well 10-36 was a part of the EPA's annual Long-Term Hydrologic 

Monitoring Program (LTHMP) ( D O E N ,  1988). Although tritium was detected in this well, 

the levels were well below the drinking water standards (NNSA/NSO, 2003). Beginning in 

1994, a series of caslng evaluation tests were conducted on EPNG Well 10-36. The well failed a 

pressure test in 2002, and was plugged and abandoned in accordance with New Mexico 

regulations in September 2003 (Stahl, 2003). 

The primary current land uses for the Gasbuggy Site and the surrounding Carson National Forest 

include cattle grazing and recreation (e.g., hunting, hiking, and camping) (DOEEM, 2001). The 

DOENSO has not completed characterization of the subsurface at the site, but does not plan to 

remove subsurface contamination in or around the test cavities due to the lack of feasible 

remediation technology. The DOE will develop subsurface models and use them to define a 

contaminant boundary and refine the existing subsurface intrusion restrictions, if necessary. The 

planned approach for the subsurface investigation is to use existing data to support a subsurface 

transport model (and dose assessment, if necessary) to evaluate whether existing subsurface 

intrusion restrictions are sufficient for the protection of human health and the environment 

(NNSArNv, 2002). 

1.1 Organization of the Report 

The Gasbuggy Site Environmental Management End State Vision is organized into five sections. 

Current state and end state maps have been prepared for each section; however, when the current 

and end states are the same, a single map is presented. 
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Section 1.0 introduces the site, including a brief discussion of past, present, and future site 

missions. This section also briefly discusses site hazards, the extent of environmental 

contamination, past remediation work, and any planned future clean-up work. 

Section 2.0 describes the regional context end state. This section examines physical and surface 

interface and human and ecological land use in the regional context. Maps showing the current 

state and the end state are also included for each subsection. 

Section 3.0 describes the site-specific end state. This section examines physical and surface 

interface and human and ecological land use for the site and immediately adjacent lands. Legal 

ownership and demographics are also presented, and each subsection includes maps showing the 

current state and the end state. 

Section 4.0 discusses specific hazards at the site, including the nature of each hazard, potential 

impacts on human health and the environment, and any hazard mitigation identified. This 

section includes a current site-wide hazard map in addition to current and end state maps for each 

specific hazard. A conceptual site model (CSM) is also included in this section. This model 

shows the current state and the end state for each hazard. The CSM is used to show the known 

and potential contaminant pathways, potential receptors, and barriers that have been put in place 

to minimize exposure to contamination. 

Section 5.0 provides references used to develop the Gasbuggy Site Environmental Management 

End State Vision. 

Attachment A provides a report table detailing that there are no variances between the end state 

vision and current remediation plans for this site. 

1.2 Site Mission 

Planning activities for the Gasbuggy test began at the site in 1965. The site remained active until 

site restoration activities concluded in 1978 (lWSA/NV, 2002). The site was the location of a 

single subsurface nuclear test conducted in December 1967, by the AEC. The Gasbuggy test 

was the first of three joint governmentlindustry experiments conducted under the Plowshare 

Program to test the effectiveness of nuclear explosives to hcture low-permeability natural gas 

reservoirs in order to stimulate production (DOEIEM, 2001). 
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Other than subsurface risk characterization and long-term stewardship, there is no future mission 

for this site by the DOENSO. Upon completion of closure activities for the surface, all New 

Mexico Environment Department comments on the closure report will have been addressed, and 

all VRP-required documentation filed. At that time, the DOENSO will request a certificate of 

completion for the surface area at the Gasbuggy Site, and the site surface will be in the end state 

(NNSA/NSO, 2003). 

The DOENSO intends to retain long-term stewardship of the subsurface at the Gashuggy Site 

due to residual contamination. Based on the historic use of the site and characterizations 

conducted at similar sites, the contaminants of concern (COCs) for the subsurface are expected 

to include radioactive fission products, plutonium, uranium, and tritium. Table 1.1 shows the 

representative source term for the Gasbuggy Site. At present, the hazard extent has not been 

defmed for the subsurface; however, the DOE plans to conduct investigation and modeling 

activities of subsurface contamination beginning in FY 2007. These activities are expected to be 

completed in FY 201 1, and closure of the subsurface is expected in FY 2014. Existing 

subsurface intrusion restrictions will be refined as necessary, based on the outcome of the 

investigation and modeling efforts (DOEIEM, 2001). 
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Table 1.1 Representative Source Term for the Gasbuggy Site 
Mean radionuclide inventory for 76 nuclear tests detonated below or wrthm 328 feet of the water table in Areas 19 

and 20 at the Nevada Test Site. Values are decay corrected to January 1, 1994 (Smith, 2001). Unclassified site- 
specific mass estimates for the Gasbuggy test are substrhlted where available from Holzer (1970) and Earman et al. 
11996). 
Radionuclidu Isotope Symbol Half l~fe (1, ,; year) Esrlmared Inventory (Ci) 

Tritium H-3 1.23E+01 4 .5~+04~  
Carbon-14 C-14 5.73E+03 7.3EMO 
Aluminum-26 AI-26 7.30E+05 1.18E-04 
Chlorine-36 CI-36 3.01E+05 2.82E+00 
Argon49 Ar-39 2.69EM2 2.43E+0l 
Potassium-40 K-40 1.28E+09 6.17E+00 
Calcium-41 Ca-4 1 1.03E+05 2.16E+01 
Nickel-59 Ni-59 7.60E+04 5.25E-01 
Nickel-63 Ni-63 I .OOE+02 5.54EMI 
Krypton-85 Kr-85 1.07E+01 3 .5~+02~  
St~ontium-90 Sr-90 2.91E+OI 4.8~+03' 
Zirconium-93 21-93 1.50E+06 5.49E-01 
Niobium-93m Nb-93m 1.61E+OI 9.99EN-01 
Niobium-94 Nb-94 2.OOEcM 2.28EMO 
Technetium-99 Tc-99 2.13E+05 4.04E+00 
Paladium- 107 Pd- 107 65OE+06 2.07E-02 
Cadmium-l13m Cd-113m 1.41E+01 1.53E+OI 
Tin-I2lm Sn-12lm 5.50E+0I 5.67E+01 
Tin-126 Sn-126 I .OOE+05 6.47E-01 
Iodine-129 1-129 1.57E+07 1.24E-02 
Cesium-135 Cs-135 2.308+06 4.17E-01 
Cesium-I37 Cs-I37 3.02E+OI 5.76~+03' 
Samarium- i 5 I Sm-151 9.M)E+OI 7.51E+02 
Europium-150 Eu-I50 3.6OE+Ol 1.46EMl 
Europium-152 Eu-I52 1.35E+OI 4.33E+02 
Europium- L 54 €11-154 8.59E+OO 2.04EM2 
Holmium-l66m Hm-166m 1.20E+03 5.89E-01 
Thorium-232 Th-232 1.40E+ I0 7.68E-04 
Uranium-232 U-232 7.00E+01 3.36EMO 
Uranium-233 U-233 1.59E+05 2.25E+00 
Uranium-234 U-234 2.46E+05 I .62E+00 
Uranium-235 U-235 7.04E+08 2. 18E-02 
Uranium-236 U-236 2.34E+07 6.22E-02 
Uranium-238 U-238 4.47E+09 2.888-02 
Neptunium-237 Np237 2.14E+M 4.80E-01 
Plutonium-238 Pu-238 8.77E+Ol 9.42E+01 
Plutonium-239 Pu-239 2.41E+04 2.54E+02 
Pluto~um-240 Pu-240 6.56E+03 8.16E+01 
Plutonium-241 Pu-241 1.44E+OI 1.18E+03 
Plutonium-242 Pu-242 3.75E+05 4.42E-02 
Americium-241 Am-241 4.33E+02 6.14E+01 
Americium-243 Am-243 7.37E+03 2.36E-03 
Curium-244 Cm-244 1.81E+OI 3.91E+Ol 
'Except where noted, value is from the mean unclassified radionuclide inventory for 76 nuclear tests detonated 
below or within 328 R of the water table in Areas 19 and 20 of the Nevada Test Site. 
b ~ a l u e  is an unclassified estimate for the Gasbuggy test specifically, from Holzer (1970). 
'Value is an unclassified estimate for the Gasbuggy test specifically, from Eannan et al. (1996). 
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1.3 Status of Clean-up Program 

A corrective action investigation of the Gasbuggy Site was performed from August to September 

2000, and July to October 2002. Soil samples collected during these efforts were analyzed for 

total metals, volatile organic compounds, semivolatile organic compounds, total petroleum 

hydrocarbons (TPH) (diesel-range organics [DRO] and gasoline-range organics [GRO]), and 

tritium (NNSA/NSO, 2003). 

The preliminary field investigation reported that additional analysis of soil samples for tritium 

was determined to be unnecessary based on the results obtained; however, as a best management 

practice, tritium was analyzed in several soil samples collected in 2002. Tritium was not 

detected at concentrations exceeding the minimum detectable level; therefore, tritium does not 

present a risk to human health or the environment at this site (NNSANSO, 2003). 

Soil sample results for arsenic, 1,2,4-trimethylbenzene (TMB), TPH-DRO, and TPH-GRO 

indicated that these constituents were present above screening levels in one or more samples. 

The arsenic results were determined to be representative of background concentrations found 

throughout the Gasbuggy Site; therefore, it was determined that arsenic poses no increased risk 

to human health or the environment (NNSANSO, 2003). A preliminary risk assessment for 

TMB determined that levels found at the site are below concentrations determined to be 

hazardous to human health. Based on the results from this investigation, the recommended 

corrective action is to remove surface contamination from two locations at the site by excavation 

and off-site disposal of waste. Following removal of contaminated soils, the DOEMSO intends 

to seek clean closure for the site surface under the New Mexico VRP. Closure will be 

accomplished by removing soil with TMB and TPH levels that exceed negotiated clean-up levels 

of 100 parts per million (ppm) (NNSA/NSO, 2003). 

One groundwater monitoring well (EPNG Well 10-36) was located on the Gasbuggy Site. From 

1972 to 2002, this well was a part of the annual EPA LTHMP (DOEMV, 1988). Although 

tritium was detected in the well, the levels were well below the drinking water standards 

(NNSA/NSO, 2003). The well was plugged and abandoned in September 2002, in accordance 

with New Mexico regulations (Wycoff, 2003; Lyles et al., 2003), due to concerns about the 

integrity of the casing. 
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2.0 Regional Context End State Description 

This section examines physical and surface interface and human and ecological land use in the 

regional context. This section also provides a discussion of current and planned fkture land use 

for the region surrounding the Gasbuggy Site. 

2.1 Regional Physical and Surface Interface 

The Gasbuggy Site is defined as the SW 114 section of Section 36, Township 29 north, Range 4 

west, and disturbed areas outside these boundaries, which were impacted by DOEMSO 

operations (Map 2.lb). The Gasbuggy Site is in the northeast portion of the San Juan Basin, a 

structural feature of the Colorado Plateau Province covering northwestern New Mexico and 

southwestern Colorado. The Gasbuggy Site is surrounded by typical canyon and plateau 

topography of the Colorado Plateau Province. Elevations range from 6,800 to 7,500 feet (ft) 

around the site and from 7,000 to 7,300 A at the site (DOEMV, 1988). The natural contour of 

the site slopes northeast into Leandro Canyon, a tributary of the ephemeral La Jara Creek. 

The nuclear device used for the Gasbuggy test was detonated in the San Juan Basin, a large 

structural basin composed of more than 1 1,000 A of Paleozoic and Tertiary sedimentary rocks. 

The detonation occurred in the Lewis Shale Formation, at a depth of 4,240 ft  below ground 

surface (bgs). The test was designed to fracture the Pictured Cliffs Formation, a gas reservoir 

directly overlying the Lewis Shale. The Pictured Cliffs Formation is one of the San Juan Basin's 

major gas reservoirs; however, in the part of the basin where the Gasbuggy test was conducted, 

the formation is a low-productivity, sparsely developed reservoir approximately 300 ft  thick. 

Below the Pictured Cliffs Formation is the Lewis Formation, which is comprised of over 1,500 ft  

of shale. Overlying the Pictured Cliffs Formation is the 100-ft thick Fruitland Formation, 

comprised of sandstone, shale, and siltstone, which are overlain by the Kirtland Shale. Above 

these formations is the Ojo Alamo Sandstone, the only water-bearing unit of concern to the 

nuclear test. The Ojo Alamo is a fine- to medium-grained, clayey sandstone containing minor 

shale beds. The bottom of the Ojo Alamo is approximately 600 A above the detonation point. 

The top of the Ojo Alamo is approximately 3,465 ft bgs, and the potentiometric surface is 

approximately 985 ft bgs. The recharge area for the Ojo Alamo is probably in the southeastern 

portion of the basin, with flow westward or northwestward toward the San Juan River. The 

Nacimiento and San Jose formations top out the section. Figure 2.1 shows a geologic cross 

section of the site. 
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Map 2.lb Gasbuggy, New Mexico 
Regional Physical and Surface Interface Map -End State 
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Emplacement Hole GB-E 
1 

Cretaceous 

Figure 2.1 

Genemlized Geologic Cross Section at the Gasbuggy Emplacement Hole 

2.2 Human and Ecological Land Use 

The primary current land uses for the Gasbuggy Site surface and the surrounding Carson 

National Forest include cattle grazing and recreation (e.g., hunting, hiking, and camping). Future 

land use for the site and surrounding area is expected to remain the same; however, the 

USDNFS will determine the future use of the surface area. Future roles and responsibilities of 

the DOE, landowners, and other federal and state agencies are documented in Table 2.1 

(Johnston, 2003b). 
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Table 2.1 
DOE/NSO Land Status 

Landlord I Surface I Subsurface I Withdrawal 1 Speciflc I OiUGas I Water 

DOE 
(USDAIFS) 

Steward 

USDAiFS 
BLM 

Steward 
Record 

Future: Unknown 
DOEIOffice 
of Legacy 

Owner 
and 
Leases 
BLM 
U S D M S  
Known 
leases 

Well 
Permits 

DOENSO 

Mineral Crazing ,U1 
USDAIFS 
Issued to 
Private 

The Jicarilla Apache Indian Nation lies one mile east of the Gasbuggy Site. The Nation has a 

current population of approximately 2,755 (U.S. Census Bureau, 2000). The Jicarilla Nation's 

land use is consistent with the Carson National Forest, with recreation, livestock grazing, and 

resource development being the primary uses (Map 2.2b). The DOE currently has access rights 

to, but no maintenance responsibilities for, Road 310 on the Jicarilla Reservation. 

The Gasbuggy Site lies within the Cold Temperate climatic zone. Three basic vegetation 

communities (i.e., forest, scrubland, and grassland) are represented at the site. The forest 

community is classified as Rocky Mountain Montane Conifer Forest, which is dominated by 

Ponderosa Pine. This community is typically found along the steeper slopes of the site, forming 

a band around the drainage areas. The scrubland community is Great Basin Montane Scrub and 

is found along hilltops, above the forest. Although classified as a scrubland, this community 

may support Ponderosa and Piiton Pines. The grassland community is further subdivided into 

two distinct series, the Great Basin Shb-Grassland, Sagebrush Grass Series, and the Great 

Basin Shrub-Grassland, Wheatgrass Series (TRC, 2000a). 

A sensitive species survey was conducted at the Gasbuggy Site in 2000 (TRC, 2000a). The 

survey concluded that no effect would occur to federal or state threatened species, endangered 

species, proposed candidate species, or species of concern as a result of environmental 

restoration activities taking place at the Gasbuggy Site (TRC, 2000a). 

According to a cultural resources survey conducted at the site in 2000, a total of seven recorded 

historical sites and seven isolated occurrences have been identified on or close to the Gasbuggy 

Site. Several sites have been recommended as eligible for inclusion into the National Register of 
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Historic Places (TRC, 2000b). The survey recommends cultural resource monitoring for ground- 

disturbing environmental investigations and remediation activities (TRC, 2000b). 

A floodplains and wetlands survey was conducted at the Gasbuggy Site in 1993. The survey 

concluded that two man-made cattle tanks constructed close to the site are considered to be 

wetlands. In addition, the associated drainage channels upstream of the berm, the area upstream 

of the elevated roads, and the center of the channel are considered floodplain areas ( D O E N ,  

1993). The report also recommended that the following considerations should be made for the 

prevention of flood damage and protection ofthe floodplains and wetlands located at the 

Gasbuggy Site ( D O E N ,  1993): 

Cattle tanks should not be damaged or altered during environmental investigations or 

remedial activities. 

Any activity susceptible to flood damage should not be conducted near the floodplain 

areas. 

Actions should be taken to prevent excessive discharge of sediments into the drainages 01 

Leandro Canyon. 

Future land use for the area around the Gasbuggy Site is expected to be consistent with current 

use, which includes grazing, oil and gas development, and public recreation such as hiking, 

skiing, camping, and hunting. Planned remediation of the surface for TPH and TMB is 

consistent with future land use, and no surface land use restrictions are expected following the 

remediation; however, subsurface restrictions will remain in place for the foreseeable future 

(Johnston, 2003a). 
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3.0 Site-Specific End State Description 

This section examines physical and surface interface and human and ecological land use in the 

site-specific context. This section also provides a discussion of current and planned future land 

use for the site, legal ownership of the site and immediately adjacent lands, and demographics 

for the area. 

3.1 Site Physical and Surface Interface 

The Gasbuggy Site originally consisted of five operational areas (Map3. lb): 

Surface Ground Zero (SGZ) 

Well GB-D Area 

Recording Trailer Park 

Control Point 

Helicopter Pad 

Of these five areas, surface investigations have shown that only the SGZ and the Well GB-D 

areas contain COCs that will require corrective actions (NNSADJSO, 2003). The hazards found 

in these areas are discussed in Section 4.0 of this report. 

3.2 Human and Ecological Land Use 

There are currently no residences or other habitable structures on the Gasbuggy Site. The site is 

withdrawn to the AEC under Public Land Order (PLO) 4232, as noted in the Federal Register, 

Vol. 32, No. 124, dated June 28, 1967 (FederalRegister, 1967). The withdrawal allows the use 

of the national forest lands under public land laws as long as the activities do not interfere with 

the AEC's intended project. Jurisdiction over the national forest lands remains with the 

Secretary of Agriculture for purposes other than those associated with the Gasbuggy test 

(Johnston, 2003a). 
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Map 3.1 b Gasbuggy, New Mexico 
Site Physical and Surface Interface Map - End State 
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Subsurface use restrictions in the vicinity of the Gasbuggy Site will remain in place in perpetuity. 

These restrictions, shown on Map 3.2b, are described on the permanent monument located at 

SGZ on the site. The restrictions are as follows: 

"No excavation, drilling, andlor removal of subsurface materials to a true vertical 

depth of 1,500 feet is permitted within a radius of 100 feet of this surface location, 

nor any similar excavation, drilling, andlor removal of subsurface materials 

between the true vertical depths of 1,500 feet and 4,500 feet is permitted within a 

600 foot radius of this surface location in the SE quarter of the SW quarter of 

Section 36, T 29 N, R 4 W, New Mexico Principal Meridian, Rio Aniba County, 

New Mexico, without U.S. Government permission" (Johnston, 2003a). 

Current land use designations (recreational and grazing) and subsurface intrusion restrictions will 

continue into the foreseeable future and it is anticipated that this land use will be the end state. 

Subsurface contamination is being addressed by implementing an end state approach based on 

defining a contaminant boundary at the Gasbuggy Site, and monitoring subsurface resource 

development to ensure that gaseous radionuclides do not migrate past the existing restriction 

boundary. Migration to the existing restriction boundary, both under non-stressed and stressed 

(production) conditions, is being evaluated. If migration is found to be significant (which may 

be determined by a nsk assessment), then the restriction zone will be enlarged. Drilling and 

subsurface resource extraction within the contaminant boundary will be prohibited, and resource 

(natural gas) production may also be limited for some region outside the boundary. This will be 

protective because, though it is not technologically feasible to remediate the contamination 

associated with an underground nuclear test, the use (withdrawal) of and exposure to 

contaminated natural gas will be precluded by implementation of institutional controls restricting 

the drilling of wells within the boundary. Resource development patterns in the area will be 

monitored to assess whether the boundary remains protective if resource extraction 

characteristics change through time, and samples of natural gas from nearby wells may be 

monitored for radionuclides. If radionuclides are ever found in nearby production wells, the 

dual-phase radionuclide model will be re-evaluated to determine if the drilling restriction area 

and associated institutional control need to be changed. 

The DOE/NSO has not yet fully characterized the subsurface contamination, and long-term 

stewardship activities have not been finalized (DOEEM, 2001). The DOEiNSO does not plan to 

remove subsurface contamination in or around the test cavities due to the lack of feasible 
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remediation technology. Post-closure monitoring will be conducted as agreed upon in the site 

closure reports for the subsurface ( N N S A N ,  2002). 

The DOENSO developed a public participation plan for the Gasbuggy Site Environmental 

Management End State Vision. The plan provided a draft copy of this document, an information 

sheet, and a letter soliciting feedback by July I, 2004, to involved parties and stakeholders. All 

written comments that were submitted to the DOENSO received comment resolution. 
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Map 3.2b Gasbuggy, New Mexico 
Site Human and Ecological Land Use Map - End State 
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3.3 Site Context Legal Ownership 

The Gasbuggy Site is withdrawn under PLO 4232, as noted in the Federal Register, Vol. 32, 

No. 124, dated June 28, 1967 (Federal Register, 1967). According to the PLO, the land is 

withdrawn to the AEC, but the withdrawal "...does not alter the applicability of those public l b d  

laws governing the use of the national forest lands under lease, license, or permit, or governing 

the disposal of their mineral or vegetative resources other than under the mining and mineral 

leasing laws," as long as the activities do not interfere with the project. The PLO indicates that 

the jurisdiction over the national forest lands remains with the Secretary of Agriculture for 

purposes other than those associated with the Gasbuggy test (Map 3.3b) (Federal Register, 1967; 

Johnston, 2003a). 

Terms and conditions for the use of the land are governed by a Memorandum of Understanding 

between Region 3 of the USDAES and the AEC, dated August 16,1967 (DOEIEM, 2001). 

Conduct of the test logistics, equipment and property use, drilling, and test preparation were 

under contract between the AEC, the U.S. Department of the Interior, and the El Paso Natural 

Gas Company (Contract No. AT [04-31-711) (Johnston, 2003a). 

Existing and active gas leases completely surround the Gasbuggy Site but the U.S. Department 

of the Interior, Bureau of Land Management (BLM) acknowledges the land constituting the 

Gasbuggy Site as withdrawn to the AEC (DOE) (Johnston, 2003a). Section 36 is not patented 

land; therefore, the BLM would control oil and gas well permits in the withdrawn land if any 

applications were filed, subject to approval by the USDAlFS. The DOE bought Well #lo-36 

from the El Paso Natural Gas Company in September 1978 (Taft, 1978). There are oil and gas 

wells in the vicinity of the Gasbuggy Site; however, there is no known monitoring for 

radioactivity in any of these wells (DOEEM, 2001). 

At the end of May 1983, the DOE issued a Notice of Intent to relinquish withdrawn land under 

PLO 4232. The notice indicated that the DOE no longer needed the land and that it should be 

returned to national forest use. The notice included terms and conditions to protect the public's 

interest, including drilling restrictions. In September 1983, the USDA/FS responded with a 

nonconcurrence letter (BLM file #SF 079761) to the proposed withdrawal relinquishment. The 

Master Title Plat shows that Section 36 is still withdrawn under PLO 4232 to the DOE (Federal 

Register, 1967; Johnston, 2003a); however, the USDA/FS has agreed with the current surface 

corrective action and has granted permission to enter the site into the VRP with the ultimate 

result being a return of the land to the USDAIFS. 
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3.4 Site Context Demographics 

According to the 2000 census, the population of Rio Arriba County is 41,190 (U.S. Census 

Bureau, 2000). Approximately 5.8 percent of the total housing available in the county is used for 

seasonal, recreational, or occasional usage. The Jicarilla Apache Indian Nation lies 

approximately one mile east of the site. The Nation has a current population of approximately 

2,755 (US. Census Bureau, 2000). It is not anticipated that the human population near the 

Gasbuggy Site will increase in any significant way in the foreseeable future (Map 3.4b). 

The Gasbuggy Site and surrounding land are currently used for recreation, livestock grazing, and 

resource development as associated with the Carson National Forest. The Gasbuggy Site is 

surrounded by oil and gas leases. There are no oil or gas wells at the site. Upon surface closure 

of the site, the end state is expected to be equivalent to the current land use designations, and 

subsurface intrusion restrictions will continue into the foreseeable future (DOEIEM, 2001). 

However, the DOENSO has not fully characterized the contamination, and long-term 

stewardship activities have not yet been finalized. Therefore, long-term stewardship activities 

may change, depending on the fmal agreements with the State of New Mexico and regulators. 

The DOEMSO will reevaluate and modify the subsurface restrictions, as appropriate, as part of 

the assessment andlor corrective action activities (DOEIEM, 2001). 
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Map 3.4b Gasbuggy, New Mexico 
Site Demographics Map - End State 
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4.0 Hazard-Specific Discussion 

Historical data indicates that five areas at the Gasbuggy Site were found to contain COCs: 

Surface Ground Zero 

Well GB-D Area 

Recording Trailer Park 

Control Point 

Helicopter Pad 

Based on site investigations as documented in Sur&ace Corrective Action Investigation Report 

with Su$ace Corrective Action Plan for the Gasbuggy Site, New Mexico, it has been determined 

that only two sites (SGZ and the Well GB-D area) contain surface contamination that will 

require corrective actions (NNSANSO, 2003). Table 4.0 summarizes the hazards and risks 

associated with the site ( D O E N ,  2000). The areas requiring corrective action are shown on 

Map 4.0a. Surface corrective actions are scheduled for completion in FY 2004 (DOEEM, 

2001). Map 4.0b shows the end state for the remaining subsurface site hazard after corrective 

actions for the surface have been completed. 

Subsurface characterization has not yet been performed at this site. Based on the historic use of 

the site and characterization conducted at similar sites, the COCs for the subsurface are expected 

to include radioactive fission products, plutonium, uranium, and tritium, with the gaseous 

radionuclides (tritium, carbon-14, and krypton-85) being the most mobile in the environment. At 

the present time, the hazard extent has not been defined. The DOENSO will continue to 

investigate and model subsurface contamination. Subsurface closure is expected to be completed 

in FY 2014 (DOEEM, 2001). 

The following sections describe, in detail, the current state and expected end state for the 

Gasbuggy Site. A CSM for the end state of the site is provided in Figure 4.0. The CSM 

illustrates the relationship between the identified potential sources of contamination, the 

mechanisms for release and migration away from the potential source, the pathways the 

contamination would follow once released, the exposure routes by which potential contamination 

would affect receptors, and the receptors that would be impacted by potential contamination. 

Only areas that will continue to act as sources following surface remediation are included in the 

CSM. 
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Nature of Hazard 

Groundwater and 
natural gas in the 
immediate vicinity of 
the test cavlty are 
contaminated with 
radionuclides (tritium 
and mixed fission 
products). Migratory 
potential of the 
contaminants via 
nahiral gas fmm the test 
cavities will be 
modeled. 

Site decommissioning 
records and 
characterization indicate 
that all radioactive 
material was either 
disposed of in the test 
cavity or removed from 
the site leaving no 
surface radiological 
contamination. 

Site characterization is 
complete identifying 
mud pit mas 
containing TPH 
concentrations above 
negotiated action levels. 

Gasbug 
~ a t u r e  ofPotentid 
Risk 

Migratory potential 
of radionuclides in 
natural gas and 
groundwater is 
minimal. Existing 
monitoring data fmrn 
surrounding wells 
have not indicated 
radionuclide 
contamination. If 
contaminant 
migration is verified, 
the must probable 
exposure scenarios 
would be via 
inhalation of, 
ingestion of, and 
dermal contact with 
natural gas. 
If residual 
contamination is 
discovered, the 
potential exposure 
pathway would be 
inhalation, incidental 
ingestion, and dermal 
contact. 

Table 4.0 

y Site Hazards and Risks 
Status of Current Planued Riak 
Management Reduction Control 

S~te  subsurface Subiurfacc 
characteri?ation, nrk mmcttons and 
analysis, and natural 
gas modeling 
activities are 
ongoing. Site 
subsurface access IS 

restricted. 

institutional controls 
are in place and 
maintained. The 
subsurface risk-based 
compliance boundary 
will be refined based 
on subsurface 
modeling results. A 
refined long-term 
monitoring program 
will be implemented, 
if required and if 
technically feasible. 

-- - 
Site reinrd~ation is Rtmedintiun 
~lanned to remove 311 acti\it~cs and 
surface contaminants c o n h a t o r y  
i d  achieve clean I sam~1ine will be 
closure status. performed to achieve 

clean closure of the I - -  

Anticipated Risk 
Rednetion Progress 

Currently, there is no 
feasible or cost 

Endatate  
Dispitioll  and 
Riak 
Subsurface 
restrictions and 

efiective conrcli%e 
actron technology to 
address test cavities 
and associated 
subsurface monltonng will be 
contamination that I implemented, . -  based 
will prevent risk 

Remediation 
activities are 
scheduled for 
completion in FY 
2m. 

on the risk 
assessment and 
natural gas modeling 
results. 

The anticipated 
future end state is 
clean closure and will 
allow for unrestricted 
surface use. 
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Map 4.0b Gasbuggy, New Mexico 
Site Wide Hazard Map - End State 
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Figure 4.0 - Gasbuggy Site Conceptual Site Model - Current State and End State 
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A pre-decisional draft human health risk assessment for the Gasbuggy Site prepared in June 2003 

addresses the health risks to potential human receptors associated with the discovered levels of 

arsenic, TMB, and TPH. According to the report, the greatest lifetime cancer risk to these 

receptors is 9.8 x LO-', which is less than the EPA target range of 1 x 10" to 1 x lo4 (EPA, 

1991). The greatest non-cancer health hazard is 0.024, well below the EPA target of 1.00 (EPA, 

1991). Based on the data provided in this draft report, the concentrations of arsenic, TMB, and 

TPH at the two locations on the Gasbuggy Site do not present a health hazard. 

4.1 Surface Ground Zero Hazard Area 

The SGZ area is irregularly shaped and covers approximately 8 to 10 acres. According to the 

Surface Corrective Action Invartigation Report with &$ace Corrective Action Plan for the 

Gasbuggy Site, New Mexico (NNSA/NSO, 2003), investigation work conducted at the SGZ area 

included two suspected septic systems, four drill pads, drilling mud pits, and drilling mud 

disposal trenches. Soil sample analytical results indicated that arsenic, TMB, TPH-DRO, and 

TPH-GRO were present above the negotiated screening action levels in one or more samples. 

Three mud pit locations (Well GB-E Mud Pit A, Mud Pit D, and Mud Pit E), shown on Map 

4.la, are identified as potential sources of the contaminants and will be the focus of the surface 

corrective action for the SGZ area (NNSA/NSO, 2003). 

The arsenic results were determined to be representative of background concentrations found 

throughout the Gasbuggy Site; therefore, arsenic is not considered a COC. A preliminary risk 

assessment for TMB determined that levels found at the site are below concentrations 

determined to be hazardous to human health (NNSA/NSO, 2003). Although the TMB does not 

pose a threat to human health and the environment, it is recommended that, as a best 

management practice given that DOENSO will be performing corrective action activities at the 

site, soil containing TMB above Preliminary Action Levels (PALS) be removed and transported 

off site for disposal (NMED, 2000). Since the samples that exceeded PALS for TMB were taken 

from the same area that exceeded the levels for TPH, they will be removed concurrently with the 

TPH soil removal. Samples that contained TPH values exceeding the negotiated action level of 

100 ppm were collected at the SGZ area (NMED, 2000). 

Based on the results from the corrective action investigation of the Gasbuggy Site, a corrective 

action of clean closure is recommended following removal of surface contamination at the site. 

The DOENSO intends to clean close the site surface under the New Mexico VRP. Closure will 

be accomplished by removing all soil that exceeds the negotiated action levels of 100 ppm. 
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The 100-ppm level was negotiated with the New Mexico Oil Conservation District to achieve 

release &om any further monitoring. This level of clean closure under the VRP will provide 

unrestricted release of the surface area with no further surface restrictions or institutional 

controls. The DOEiNSO anticipates completing all surface closure remediation activities at the 

site during FY 2004 (DOEIEM, 2001). Current land use designations (recreational and grazing) 

and subsurface intrusion restrictions will continue into the foreseeable future, and it is anticipated 

that they will be the end state (Map 4.lb). 

Three boreholes were completed during the 2002 investigation, at depths of 45, 56, and 74 ft bgs 

in the SGZ area. Static groundwater was not identified in any of these boreholes. The deepest 

contamination identified in the SGZ area was at approximately 16 A bgs. There is no static 

groundwater within 30 vertical feet of contamination in the SGZ area. Shallow groundwater is 

not considered an exposure pathway at the SGZ area (NNSAMSO, 2003). 

4.2 Well GB-D Hazard Area 

The Well GB-D area is approximately 1,500 A southeast of Well GB-E, which is located in the 

SGZ area. The location includes Well GB-D and associated facilities in an area approximately 

two to three acres in size. Well GB-D was used for the placement of instruments to measure 

ground motion during the Gasbuggy test. Possible sources of contamination at this location 

included a single mud pit and potential releases from the drill pad. According to historical 

documentation, no post-detonation activities (e.g., drilling or gas production) were camed out at 

this location (AEC, 1971). Well GB-D was plugged and abandoned during the 1978 restoration. 

Upon completion of all other restoration activities, the area around Well GB-D was reshaped, 

graded, and seeded (DOENV, 1983). 

According to the Surface Corrective Action Investigation Report with Surface Corrective Action 

Plan for the Project Gasbuggy Site, New Mexico (NNSAINSO, 2003), diesel and arsenic were 

identified above PALS in site characterization samples in the Well GB-D Mud Pit (Map 4.2a). 

Samples collected in this area exceeded the PAL of 100 milligrams per kilogram for TPH 

(NNSANSO, 2003). The arsenic results were determined to be representative of background 

concentrations found throughout the Gasbuggy Site; therefore, it was determined that they pose 

no increased risk to human health or the environment. 
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Map 4.1 b Oasbuggy, New Mexico 
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Map 4.2a Gaobuggy, New Mexico 
Well GBD Hazard Area 2 Map -Current State 
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Based on the results from this investigation, a corrective action of clean closure has been 

recommended for the end state, following removal of surface contamination at the site (Map 

4.2b). The DOE/NSO intends to clean close the site surface under the New Mexico VRP. 
Closure will be accomplished by removing soil from the mud pit. The DOENSO anticipates 

completing all surface closure activities at the site in FY 2004 (DOEIEM, 2001). 

Three shallow groundwater boreboles were completed at the Well GB-D area, at depths of 58, 

58, and 75 ft bgs, respectively. Static groundwater was identified at approximately 52,57, and 

58 A bgs in the boreholes. No COCs other than arsenic were identified above PALS in soil 

samples. The arsenic concentrations were determined to be representative of site background 

conditions. Shallow groundwater is not considered an exposure pathway at the Well GB-D area 

(NNSANSO, 2003). 

4.3 Subsurface Hazard Area 

No subsurface characterization has been performed yet at this site; however, the DOENSO will 

continue to investigate and model subsurface contamination. Based on the historic use of the site 

and characterizations conducted at similar sites, plutonium, uranium, tritium, and mixed fission 

products are expected to be present in the subsurface, with the gaseous radionuclides (tritium, 

carbon-14, and krypton-85) being the most mobile in the environment. The DOENSO does not 

plan to remediate subsurface contamination due to the lack of feasible technologies; therefore, 

the current state is the end state for the subsurface at the Gasbuggy Site (Map 4.3b). According 

to the Life-Cycle Baseline Revision 5, subsurface closure of the Gasbuggy Site is expected to be 

completed in FY 2014 (DOEEM, 2001). 

Current land use designations (grazing and recreational) and subsurface intrusion restrictions will 

continue into the foreseeable future; however, the DOE has not fully characterized the 

contamination and long-term stewardship activities have not yet been fmalized. The DOENSO 

will maintain institutional controls over the subsurface in perpetuity to prevent access to the test 

cavity, groundwater, and associated subsurface contamination (DOEiEM, 2001). 
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Map 4.2b Gasbuggy, New Mexico 
Well GB-D Hazard Area 2 Map - End State 
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Map 4.3b Gasbuggy, New Mexico 
Subsurface 802 Hazard Area 3 - End State 
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Attachment A - Discussion of Variances 

The following variance report table is provided in accordance with Appendix D of the 

Environmental Management End State Vision Development Guidance dated September 11, 

2003. The table below does not identify any variances, but does provide information clarifying 

why there are no perceived differences between the various plans and agreements governing 

activities at the site. There are no negative impacts in terms of scope, cost, schedule, and risk, 

and no known barriers to achieving the end state. Based on the above noted belief, the next steps 

are identified for future activities associated with the Gasbuggy Site. There are no maps 

provided, as there are no differences between the end state based on the current requirements and 

the end state based on the end state vision. The maps within the main body of the end state 

document sufficiently identify pertinent information related to the Gasbuggy Site. 

Conservation Division that 

release the surface area from 
any further monitoring 
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